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ABSTRACT 

Solar energy is important source of renewable energy. 
This energy are used in solar air heater. Solar air 
heater is one of the valuable heat sources with variety 
of applications such as space heating, industrial 
process heating and drying of fruits and vegetables 
etc. The thermal efficiency of a conventional solar air 
heater (SAH) can be improved by reducing the losses 
from the collector surface by using proper insulation 
and increasing the convective coefficient between 
heat collecting surface and working fluid by 
increasing the heat transfer area which can be 
increased by double pass design. Some experimental 
and theoretical investigations have been considered to 
enhance the performance of double pass solar air 
heaters (DPSAHs) provided with performance 
enhancement techniques i.e. using packed bed 
materials (PBMs), extended surfaces like fins, and 
corrugated/grooved absorbing surfaces. The objective 
of present study is to review the various investigations 
conducted on performance enhancement of solar air 
heater. Based on the review, it is found that the most 
of the investigations were performed on double pass 
system having PBM and integrated with extended 
surfaces. Thermal efficiency of double pass solar air 
heater with porous media is higher than single pass 
and double pass solar air heater without porous media. 
Effect of various parameters of porous media like 
pitch, number of layers , bed depth, porosity, thermal 


conductivity, pitch to wire diameter ratio have been 
studied. Few studies were conducted on corrugated or 
grooved absorbing surface and very few studies have 
been presented on double pass systems having 
artificial roughness. 

Keyword: solar air heater, fins, thermal efficiency, 
porous media 

I. INTRODUCTION 

Energy plays an important role in worldwide 
economic growth and industrialization. It is available 
in many forms. For the growth of the world industry 
play important role and industry are run by energy. 
Environment degradation with use of fossil fuels is a 
danger to life in this earth. For better life on earth 
depletion fossil fuel reserves and environmental 
threats, we need to develop the renewable energy 
sources. It is well known that solar energy is an 
infinite resource on the earth. The sun produces a vast 
amount of energy which can be collected through a 
system and then it converted into heat or electricity. 
Humans have harnessed the energy of the sun for 
billions of years. In the fifth century BC, the Greeks 
took affair advantage of this energy through designing 
their buildings to capture the sun's heat maximum in 
cold climatic conditions. After that, the Romans has 
been put their efforts to improve the architecture of 
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buildings by covering southward windows with a 
transparent glass to avoid the escape of solar heat 
captured in the sunshine hours. Solar energy can be 
utilized by several ways. Among many renewable 
energy sources, solar energy is huge energy source for 
fulfill the demand. The freely available solar radiation 
provides an infinite and non-polluting reservoir of 
fuel. The easiest way to utilize solar energy for 
heating applications is to convert it into thermal 
energy by using solar heater. 

In low temperature application Flat-plate solar 
collectors are extensively used and it attracted the 
attention of a large number of investigators. Several 
designs of solar air heaters have been developed over 
the years in order to improve their thermal efficiency 
and performance. Basically, there are two types of 
flat-plate solar heating collectors; water heating 
collectors and air heating collectors. The development 
of air heating collector is slow compared to water 
heating collector mainly due to lower thermal 
efficiency and design limitation. Conventional solar 
air collectors have poor performance due to high heat 
losses and low convective heat transfer coefficient 
between flowing air stream and the absorber plate. 
Attempts have been made to improve the thermal 
efficiency of conventional solar air collectors by using 
various design and arrangements of flow. 

Greenhouse heating by solar air heaters on the roof 
setup are studied [20]. By using porous packing 
material in the duct of solar air heater is one of the 
methods to improve the thermal efficiency [10]. The 
double-duct flow mode of solar air heater has the 
advantage of reducing the heat losses and provides 
improvement in thermal efficiency with marginally 
increasing the heater size or cost [13]. A number of 
analytical and experimental studies have been carried 
out with packed bed, fins integrated double pass solar 
air heater which shows significant increase of the 
performance compared to the conventional system 
[12]. Few studies have been reported with corrugated 
absorber surface [3], Different patent design is used in 
much research paper [6], Integration of transparent 
insulation materials into solar collector devices are 
also used [7], Comparative Study of Thermo- 
Hydraulic Performance of Artificially Roughened 
Solar Air Heaters are analyzed [8]. 

II. Design of different types of matrix 

The solar thermal absorbers material is to absorb, to 
store and to transfer the thermal energy received from 


solar radiation to heat transfer medium such as air, 
water and other fluid .Its performance relies on the 
material type and its thermo-physical properties as 
well as coating of the absorber surface. Heat transfer 
coefficient value of air is four times less compared to 
water and this directly affects the thermal efficiency 
when it comes to transferring heat between absorber 
plate and the flowing air. In order to enhance the 
efficiency, various designs of absorbers and 
enhancement have been proposed. In some researcher 
used phase change material for better thermal 
performance [4], Three methods that can be used to 
enhance the heat transfer for air solar absorber are the 
implementation of secondary heat transfer surface, 
disruption of the unenhanced fluid velocity and 
disruption of the laminar sub layer in the turbulent 
boundary layer [17]. By introducing turbulent flow in 
the flow path of the solar air collector, a significant 
increase of collector performance is recorded [17]. 
This is due to higher heat transfer coefficient and 
increased contact surface between air and absorbers 
which increase the heat transport from the absorber to 
heat transfer fluid. Solar air collectors can be 
classified according to its movement on axis as well 
as the type of absorbers used in the solar air collector 
and base design geometry namely flat absorbers, 
tubular absorbers and point absorbers [17]. Further 
differentiation for solar air collector with flat 
absorbers, also known as non-concentrating absorber, 
can be made based on the physical properties of the 
absorbers, which are non-permeable or permeable 
absorbers. Thermal absorber design for stationary flat 
absorber is based on bare-flat plate orientation where 
it lies on the flat plane with no concentrating points. 
Non-permeable absorbers indicate the flat absorbers 
with non-permeable material and that it is possible to 
have extended versions of this absorber e.g. 
corrugated, finned and/or assistance of flow 
redirection. The enhancement method of permeable 
absorbers are the same as non- permeable absorbers 
except that it has two absorber sub-types which are 
matrix/meshes and perforated type[16]. The classical 
design of solar absorber are flat plate, V-groove, 
packed bed and matrix/meshes[l 0,16,28], From these 
base designs, a few variations of new absorbers were 
invented to increase the performance of solar air 
collector. Absorber enhancement can be generalized 
into two common types which are corrugated and 
finned [3, 12]. Further enhancement can expand into 
flow redirection method where air in- flow in the solar 
air collector is diversified by means of diversion of air 
flow path [18]. Absorber designs with significant 
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efficiency improvement over conventional flat-plate 
solar air collect or have been proposed by various 
authors [10, 11, 13, 15]. With more advanced and 
complex design of absorbers, the cost of fabrication 
and manufacturing would also increase [19]. 
Performance of solar air absorbers is greatly 
influenced by the air flow behavior in the solar air 
collector [22], Different type so fair flow redirection 
applicable for solar air collectors designs are 
identified as front pass, back pass, parallel pass and 
double pass etc. [12, 15, 18]. Variations have been 
made by many researchers in terms of air flow 
redirection methods specified above with the 
objective to optimize the designs and to increase the 
performance of solar air collector [5,10, 12 ].The 
permeable of solar air collector permeable absorber 
can be categorized into many types which are V 


Groove, baffled fin, matrix and aluminum cans etc. 
[10, 12, 13, 15]. The types of permeable absorbers as 
listed above differ in their operational configuration, 
and vary in terms of absorber topology, arrangement 
and material used for the absorber. Radiative losses 
from the absorber can be minimized by applying 
selective coating on the absorber. Adding flow 
obstructions such as fins and baffles in the collector 
increases the surface contact area and may induce 
higher turbulence in air flow, yet but with such 
method, an increase of pressure drop is expected 
which leads to loss of efficiency [9, 13, 14], 
Performance and Cost Aspect of Double Pass V 
Groove Absorber with and without Porous Media are 
viewed [21], 


So Lor jr>»otatK)r 
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Fig - 1 


III. Design of solar air collector 

Despite improvements on the absorber design for non- 
permeable absorbers, top losses especially radiative 
losses from the absorber plate are imminent. Applying 
selective coating at the cover could reduce the losses 
but the overall solar air collector efficiency is also 
affected. Introduction of obstacles, for example, 
baffles and fins could increase the heat transfer 
coefficient at absorber and air flow, but this would 
also cause a high pressure drop at the solar air 
collector. Another short coming of the non-permeable 
absorber is its ability to absorb the solar radiation is 
restricted by the available surface area of absorber 


through a thin air layer. With permeable absorber 
type, solar radiation travels further into the matrix and 
higher surface is exposed to radiation increasing the 
total energy gained by the absorber. The heat is 
transferred to the air stream flowing through the 
matrix absorber with lower pressure drop. The 
configuration of matrix porosity index and the 
thickness of matrix are significant to the matrix design 
because over or under sizing the parameters could 
lead to a reduction on overall efficiencies [2], 
Advantages of matrix absorber over other are 
described [1, 2], Amongst the advantages is that solar 
radiation penetration depth and absorption depends on 
the thickness of matrix layers and extinction 
coefficient. Further, increase exposure of heat transfer 
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surface area of matrix absorber to the air flow ensuing 
higher heat transfer rate. Also, effective air flow 
disruption in the matrix will cause improved heat 
transfer coefficient and finally, its ability to operate at 
low operating temperature subsequently will reduce 
heat loss. A double pass solar air collector 
incorporating permeable matrix absorber at second 
pass is designed to increase the efficiency of collector 
up to 55%[ 16]. It was highlighted that careful 
consideration must be given on the design of bending 
from first to the second pass if using a highly 


permeable matrix to minimize pressure drop, hence 
increasing total collector efficiency. A simplified and 
well described mathematical modeling for a double 
pass with matrix absorber was presented in his work. 
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Fig-2 


The matrix solar air collector with 2 modes of air flow 
direction with one mode presenting the air is flowing 
downward and second mode presenting the air is 
flowing upward from inlet to outlet port respectively. 
Matrix absorber comprises of iron foils by-product 
from lathe. The energy balance for both modes is 
differentiated by changing the sign of the mass flow 
rate parameter, where upward mode is assigned with a 


positive sign of mass flow rate and vice versa. The 
efficiency of matrix solar air collector with upward 
mode exhibited on average 50% compared with the 
downward mode of 22%. An earlier investigation by 
Sharma [26] concluded that matrix solar air collector 
with a similar, revealed the tendency to maintain 
constant efficiency at higher mass flow rate. 


IV. CONCLUSIONS 

Matrix absorber for solar air collector has a large 
scope for further development in terms of its technical 
prowess. Although matrix absorber has existed 


several design and its improvement as compared to 
other absorber types especially non-permeable 
absorbers. Low cost and high thermal absorber 
material with optimal thermo-physical characteristics 
is preferable for matrix absorber without 


@ IJTSRD | AvailableOnline@www.ijtsrd.coml Volume - 1 | Issue - 6 | Sep - Oct 2017 


Page: 504 















International Journal of Trend in Scientific Research and Development (IJTSRD) ISSN: 2456-6470 


compromising the performance of the collector. 
Improvement in Performance is also possible with 
combination of absorber materials, coalescence with 
other type of absorbers and type of flow used. In 
conclusion, compact matrix absorber design, high 
efficiency and high energy gain is the main stream 
direction for matrix absorber development. Matrix 
absorber performance is strongly influenced by the 
geometrical parameters, matrix porosity index, matrix 
thickness, type of fluid use, surface density and 
material thermo-physical properties. These attributes 
must be critically evaluated in the development of 
matrix thermal absorber, where by excessive 
implementation of enhancement method such as fins 
and flow redirection could lead to reduce the 
performance and consequently to solar air collector. 
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